Introduction
============

Chordoma is rare and generally characterized as a slow-growing malignant neoplasm of presumed notochordal origin.^[@B1]^ Approximately 50% chordomas originate in the sacrococcygeal area, 35% in the spheno-occipital region, and the remaining 15% in other parts of the vertebral column.^[@B2]^ Chordomas are considered locally aggressive, with high recurrence rate and relatively low metastasis rate.^[@B3]^ However, the metastasis rate is greater than that was previously believed, and this may be related to the long clinical history of chordomas.^[@B2],[@B4]--[@B8]^ The lungs and lymph nodes are the most common sites of metastasis, followed by the liver and the bone. However, spinal seeding from a skull base chordoma is very rare. Only nine cases of drop metastases have been reported to date ([Table 1](#T1){ref-type="table"}).^[@B2],[@B6],[@B9]--[@B15]^ In addition, in these cases, spinal seeding occurred during the follow-up period after surgical and irradiation therapies of intracranial chordoma. Intradural chordoma is extremely rare and associated with a better prognosis compared with that of typical chordoma.^[@B16]^ To the best of our knowledge, only 27 intracranial chordoma cases and 4 spinal chordoma cases have been reported to date.^[@B17]^ Here we report an unusual case of the simultaneous discovery of intradural cranial and spinal chordomas.

Case Report
===========

A 63-year-old female visited a local doctor complaining of left upper limb weakness for two weeks. Because brain computerized tomography (CT) revealed brain tumor, she was referred to our hospital. Neurological examinations revealed the following: (1) weakness of manual muscle testing (MMT) with Grade 4/5 on both upper extremities, (2) numbness of both upper extremities, and (3) hyper-reflexia of the lower extremities. However, the patient displayed no remarkable cranial nerve disturbances. Brain magnetic resonance imaging (MRI) revealed a midline clival tumor, appearing as hypointense on T~1~-weighted images and hyperintense on T~2~-weighted images. T~1~-weighted MRI with gadolinium revealed homogenous enhancement of the lesion that displaced the brain stem posteriorly ([Fig. 1A, B](#F1){ref-type="fig"}). No remarkable perifocal edema was detected on T~2~-weighted images ([Fig. 1C](#F1){ref-type="fig"}). In addition, brain MRI detected a mass lesion at the level of C1--C2. Cervical MRI demonstrated an intradural extramedullary mass lesion at the level of C1--C2, appearing as isointense on T~1~-weighted images and hyperintense on T~2~-weighted images ([Fig. 2A, B](#F2){ref-type="fig"}). T~1~-weighted MRI with gadolinium revealed homogenous enhancement of the lesion ([Fig. 2C, D](#F2){ref-type="fig"}). Further, thoracic and lumbar MRI revealed small asymptomatic multiple mass lesions ([Fig. 2E--G](#F2){ref-type="fig"}). No metastasis was detected in other organs. The patient developed increased weakness of MMT with Grades 2/5 and 3/5 on the upper and lower extremities, respectively, in addition to the spastic gait disturbance that forced her to use a cane one week after the admission. The patient underwent laminectomy at C1--C2 along with total removal of the tumor ([Fig. 3](#F3){ref-type="fig"}). During surgery, the mass was entirely intradural: it invaded the subarachnoid membrane and touched the dura mater. There was no evidence indicating that the mass originated from the dura mater: the tumor was clearly distinguished from the spinal cord and was easily removed. A postoperative MRI demonstrated a total removal of the tumor ([Fig. 4](#F4){ref-type="fig"}). Histopathological examination confirmed the diagnosis of a chordoma, and the Ki-67 labeling index was 3.5% ([Fig. 5](#F5){ref-type="fig"}). Immunohistochemistry indicated the tumor to be positive for epithelial membrane antigen (EMA), cytokeratin AE1/AE3, vimentin, and S-100, and negative for GFAP. The patient revealed no remarkable symptoms after surgery and was self-sufficient. One month after the cervical surgery, the intracranial tumor was subtotally removed in a surgery via the right subtemporal approach ([Fig. 6](#F6){ref-type="fig"}). The soft, friable, grayish mass was intradullary and was compressing the brain stem. There was no evidence demonstrating that the mass originated from the clival bone marrow and clival dura mater. A small area of the tumor surface was attached to the dura mater, but the dura was not destroyed. The mass invaded from outside of the arachnoid membrane and enlarged the subarachnoid space. The mass was attached to the right VI nerve: after surgery, the patient suffered right VI nerve palsy. However, postoperative motor and sensory conditions of the upper and lower extremities were the same as those before surgery. Histopathological data were identical to the cervical tumor. The patient consulted another hospital and underwent gamma knife surgery including the clivial region. The maximum core dose was 26 Gy, and the peripheral dose was 13 Gy. However, heavy iron radiotherapy was not performed because of spinal dissemination. The patient\'s neurological examination is relatively unchanged 20 months after the cervical surgery.

Discussion
==========

Because the long-term local control of skull base chordomas appear to be improving by the introduction of skull base surgical techniques and adjuvant radiotherapy, spinal intradural seeding may emerge as a potential complication. Careful and close observation and timely imaging studies forcusing on spinal seeding of skull base chordoma would be required in long-term postoperative follow-up. Both cranial and cervical chordomas were intradural in this case: this could be confirmed on the basis of the intraoperative observation that both the tumors were completely located within the intradural space. Intradural chordomas are very rare tumors and less aggressive compared with those of an osseous origin.^[@B16]^ In another study, ectopic notochord tissue was detected in an intradural location anterior to the pons in 2% of all autopsies^[@B18]^: this phenomenon has been termed "ecchordosis physaliphora" and may be the precursor to intradural prepontine chordoma. Our case may be judged as an intradural cranial chordoma with intradural spinal seeding for the following reasons: (1) an intracranial chordoma is larger than a cervical one, (2) a cervical chordoma is completely intradural and does not originate from the dura mater, and (3) in our case, thoracic and lumbar MRIs revealed small asymptomatic multiple mass lesions. An explanation for the mechanism of spinal seeding is detachment of tumor cells and their seeding to the lower parts of the spinal leptomeninges (drop metastases) such as the case in medulloblastomas. Judging from the intracranial MRI images of previous^[@B2],[@B9],[@B11],[@B14]^ and our cases, extension into the cerebellopontine region and encroachment into the brain stem of the chordoma may be important causes of the occurrence of spinal metastasis. Few reports indicate that the faster growth rate of chordoma is associated with a Ki-67 labeling index of more than 6%.^[@B9],[@B19]^ However, in this case, the Ki-67 labeling index was 3.5%. Therefore, MRI screening for spinal metastasis should be performed even in a clival chordoma with a Ki-67 labeling index lower than 6%.

Drop metastasis from intracranial origin to spinal regions usually occurs late in the course of a cranial chordoma and after multiple surgical and radiation therapies.^[@B2].[@B6].[@B9]--[@B15]^ Tumor seeding during surgery is one of the predisposing factors to spinal seeding.^[@B2],[@B5],[@B6],[@B9],[@B11]^ However, none of the previous cases could confirm that the spinal seedings occurred for intracranial lesions after surgery due to the lack of spinal MRI at that time. Nevertheless, on the basis of the fact that intracranial and spinal chordomas are simultaneously recognized, this is the first case indicating the possibility of spinal seeding without being affected by the surgical procedure. It may be difficult to determine the tumor responsible for the symptoms if intradural spinal seeding is simultaneously detected with the intracranial chordoma, particularly in cases where the intradural spinal seeding and intracranial chordoma compress the spinal cord and brain stem, respectively. This case involved the initial removal of a cervical tumor because of the following reasons: (1) no remarkable perifocal edema was detected around the brain stem on T~2~-weighted MRI images, (2) cervical MRI detected severe spinal cord compression caused by an intradural extramedullary mass lesion at the level of C1--C2, (3) neurological symptoms markedly increased in a short period, and (4) no cranial nerve disturbances were observed. The decision was confirmed with the result that all the neurological disturbances disappeared after removal of the cervical tumor. Therefore, this case may be the first case of an intracranial chordoma, which was detected because of the symptoms caused by cervical intradural spinal seeding. In this case, there was a possibility that removal of the intracranial tumor would have been performed without cervical MRI if we had failed to notice a cervical mass lesion at the bottom of the brain MRI. Conversely, removal of the cervical tumor may have been performed without checking for brain lesions if initial cervical MRI had been performed. This case suggests that neuroradiological evaluation of spinal seeding should be performed when an intracranial chordoma is detected. In addition, careful determination of the tumor responsible for the symptoms is necessary if intradural spinal seeding is simultaneously detected with a clival chordoma.

![A: Preoperative T~1~-weighted axial magnetic resonance imaging (MRI) with gadolinium reveals homogenous enhancement of the midline clival lesion. B: Preoperative T~1~-weighted sagittal MRI with gadolinium shows the lesion bending the brain stem. C: Preoperative T~2~-weighted axial MRI demonstrates no remarkable perifocal edema.](nmc-54-930-g1){#F1}

![A: Preoperative T~1~-weighted sagittal magnetic resonance imaging (MRI) shows an isointense lesion at C1/C2 level. B: Preoperative T~2~-weighted sagittal MRI shows a hyperintense lesion at C1/C2 level. C: Preoperative T~1~-weighted sagittal MRI with gadolinium reveals homogenous enhancement of the lesion. D: Preoperative T~1~-weighted axial MRI with gadolinium demonstrates an intradural extramedullary lesion that displaced the spinal cord anterioly. E: T~1~-weighted sagittal MRI shows isointense lesions at Th2 and Th3 levels. F: T~1~-weighted sagittal MRI shows an isointense lesion at Th12 level. G: T~1~-weighted axial MRI demonstrates an intradural extramedullary lesion at Th2 level.](nmc-54-930-g2){#F2}

![A: Intraoperative photograph demonstrates an intradural extramedullay tumor. C1--2 laminectomy is performed. The mass lesion compresses spinal cord. The mass was totally intradural and not to arise from the dura matter. B: The tumor is totally extirpated.](nmc-54-930-g3){#F3}

![A, B: Postoperative T~1~-weighted sagittal (A) and axial (B) magnetic resonance imaging (MRI) with gadolinium reveal no enhanced mass lesion. Axial MRI also shows no spinal cord compression.](nmc-54-930-g4){#F4}

![A, B: Photomicrograph of the spinal tumor consists of sheets of physaliphorous cells (A, ×20, hematoxylin eosin stain) and the Ki-67 labelling index was 3.5%. B: The histological diagnosis is chordoma.](nmc-54-930-g5){#F5}

![A, B: Postoperative T~1~-weighted sagittal (A) and axial (B) magnetic resonance imaging (MRI) with gadolinium reveal no enhanced mass lesion. The intracranial tumor was subtotally removed.](nmc-54-930-g6){#F6}

###### 

Cases of the spinal dissemination during the treatment of the intracranial chordoma: a literature review

  Author/Year                         Age (years)   Gender    Primary lesion           Spinal lesion              Period until spinal dissemination was recognized
  ----------------------------------- ------------- --------- ------------------------ -------------------------- --------------------------------------------------
  Stough et al. (1971) ^[@B13]^       41            M         Petrous ridge            Th12-L1                    5 years
  Raffel et al. (1985) ^[@B6]^        40            M         Clivus                   C4-Th2                     7 months
  Krol et al. (1989) ^[@B12]^         41            M         Clivus                   Cervical, L2-4             1 year
  Forsyth et al. (1993) ^[@B10]^      Unknown       Unknown   Clivus                   C7-Th1                     Unknown
  Korinth et al. (1999) ^[@B11]^      48            F         Cerebellopontine angle   Thoracolumbar              10 months
  Uggowitzer et al. (1999) ^[@B15]^   22            M         Clivus                   C5-7                       3 years
  Asano et al. (2003) ^[@B9]^         53            M         Clivus                   Th4,8,9, and lumbosacral   11 years
  Tsuboi et al. (2007) ^[@B14]^       54            F         Clivus                   Multiple                   5 years
  Martin et al. (2009) ^[@B2]^        69            M         Clivus                   L4/5                       12 years

F: female, M: male.
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